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This invention relates to frequency control ap-
paratus and particularly to apparatus of this
character, wherein the phase relationship be-
tween a series of impulses and a source of stand-
ard frequency is compared for the purpose of
developing control signals to correct the frequen.
cy of the impulse source.

In many cases, particularly in television sys-
tems, it is desired to maintain a relatively con-
stant frequency of a series of impulses and/or
periodic waves. Impulsive energy is employed
for numerous purposes in television systems. For
example, it is conventional to transmit as a part
of a composite television signal, a series of im-
pulses for system control purposes, such as for
synchronizing the transmitting apparatus with
the receiving apparatus. Also, in some instances,
a series of impulses is used for the production
of a saw tooth wave. In any case it is customary
to derive the impulses at some frequency which
is either fundamentally or harmonically related
to a source of standard frequency. For this pur-
pose, it is convenient to employ a commercial
source of substantially sinusoidal alternating cur-
rent having a frequency of 60 cycles per second
as the standard fredquency source.

In order that the oscillator or other source of
impulses be maintained in a predetermined fre-
quency relationship to a source of standard fre-
auency, it is necessary to frequently compare the
frequency of the oscillator or of the generated
impulses with the wave derived from the stand-
ard frequency source. Any deviations from the
predetermined relationship are detected by the
phase comparison apparatus for the development
of suitable control signals to alter the frequency
of the impulse generator. Most of the phase com-
parison devices employed previously have oper-
ated in such a manner that the impulses are com-
pared with the standard frequency wave no more
than once during each cycle of the standard fre-
quency wave. In general, devices of this charac-
ter compare the impulses during either the posi-
tive or negative half cycles of the standard fre-
quency wave. . As a result, the phase relationship
of the impulses and the standard frequency wave
may vary substantially all the way from 0 to 360°,
In the case where a phase variation approaching
360° occurs, either a relatively large correcting

signal must be developed or a considerable num- :

ber of correcting signals of smaller magnitude
must be developed.  In the first case, there is
a distinct tendency for the apparatus to hunt. In
the second case, the desired frequency correction
requires a considerable time to be effected.
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It, therefore, is an object of the present inven-
tion to provide a novel frequency control appa-
ratus, whereby a closer relationship between the
frequency of a periodic wave and a source of
standard frequency may be effected than has
heretofore been accomplished.

Another object of the invention is to provide
a novel phase comparison apparatus whereby a
comparison may be effected between a series of
impulses and a standard frequency wave more
than once during each cycle of the standard fre-
quency wave.

In accordance with the present invention, there
is provided a frequency control system having
a phase comparison apparatus comprising an en-
ergy storage circuit which is responsive to the
phase relationship between a periodic wave, such
as a series of impulses, and a source of standard
frequency. The apparatus also comprises a pair
of grid-controlled vacuum tubes having the space
discharge paths thereof coupled to the energy
storage circuit. These tubes may be connected
respectively in opposite polarity  between the
standard frequency source and the energy stor-
age circuit in one form of the invention so that
the space current for the tubes is derived from
the standard frequency source. The tubes, thus,
funection as a full wave electronic switch operat-
ing on alternate half cycles of the standard fre-
quency wave. - The control grid circuits of the
tubes are coupled in like polarity to a source of
impulses, the frequency of which is to be com-~
pared with the source of standard frequency.
The tubes are each rendered conducting simulta-
neously, concurrently with the occurrence of each.
of the series of impulses. Depending upon the
polarity of the standard frequency wave at the
instant when the tubes are rendered conducting,
the energy storage circuit is supplied with energy
of a polarity and magnitude representative of the
instantaneous polarity and magnitude of the
standard frequency  source. The energy with
which: the storage circuit is provided is utilized
to control the frequency of the impulse generator
by means of conventional automatic frequency
control apparatus.

For a bhetter understanding of the invention,
together with other and further objects thereof,
reference is- made to the following description,
taken in connection with the accompanying
drawing and its scope will be pointed ocut in the
appended claims.

The single figure of the accompanying drawing
is & schematic diagram of apparatus embodying
the invention in an illustrative form.
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Referring now particularly to the drawing, the
apparatus includes an impulse source {. This
source may be entirely conventional for the pur-
pose of developing a series of unidirectional im-
pulses occurring at a predetermined frequency
which is related either fundamentally or at least
harmonically to a 80 cycle standard frequency.
A source of standard frequency 2 also is provided.
This source may be a commercial power supply
from which may be derived a substantially sinus-
oidal wave having a frequency of 60 cycles per
second.

b
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The phase comparison apparatus includes a

pair of grid-controlled rectifiers, such as triodes
3 and 4. If desired, a twin triode amplifier, such

as an RCA type 6SN7 may be employed as the -

two rectifier tubes. Space current. for the tubes

is derived from the source of standard frequency .

which is connected to a primary winding 5, in-
ductively coupled to a secondary winding 6. The
secondary winding 8 is connected between ground
and one space discharge tube electrode of each
of the tubes 3 and 4. In the case of the tube 3,
the winding 6 is connected to the anode, and in
the case of the tube 4, it is connected to the
cathode. By reason of this circuit arrangement
the tubes act as a full wave electronic switch
capable of being conditioned for operation on
alternate half cycles of the standard frequency
wave. The space discharge circuit of the tubes
3 and 4 also is coupled to an energy storage cir-
cuit, such as the circuit including a condenser 1.
The cathode of the tube 3 and the anode of the
tube 4 are each coupled to one terminal of the
condenser and the other terminal of this con-
denser is grounded.

The conductivity of the rectifier tubes 3 and 4
is controlled by the impulses derived from the
source {. For this purpose the impulse source is
connected to a coil 8. Two other coils 8 and 10
are inductively coupled, in the polarity shown, to
the coil 8. 'The upper terminal of the coil 9 is
coupled by a condenser {1 in series with a nega-
tive biasing voltage source, such as a battery 12
to the control grid of the tube 3. The lower
terminal of the coil 9 is connected to the cathode
of the tube 3. A leak resistor i3 is provided for
the coupling condenser . The upper terminal
of the coil 18 similarly is coupled by a condenser

14 in series with a negative biasing battery {5 to

the control grid of the tube 4, and the lower
terminal of this coil is connected to the cathode
of this tube. A leak resistor 16 is provided for
the coupling condenser 4.

Finally, the ungrounded terminal of the con-
denser T is coupled to automatic frequency con-
trol apparatus 11. This apparatus may be con-
ventional and many devices of this character are
well known to those versed in the art. The auto-
matic frequency control apparatus is coupled, as
indicated, to the impulse source , also, in a
manner well known in the art, whereby to alter
the frequency of the impulse source, in accord-
ance with the voltages developed in the storage
condenser 1.

Referring now to the operation of the appa-
ratus, assume that one of the impulses derived
from the source | occurs at substantially the
same time as the wave derived from the standard
frequency source 2 reaches the peak of a posi-
tive half cycle. Prior to the occurrence of the
impulse both of the rectifier tubes 3 and 4 are
maintained substantially nonconducting by rea-
son of the connections of the biasing batteries i
to the respective grids. Tt is assumed that the
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impulses derived from the source { induces im-
pulses in the coils 9 and 10 of such a character
to render the upper coil terminals positive rela-
tive to the lower coil terminals. Also, it is to be
understood that the magnitudes of the impulsive
voltages induced in the coils 9 and 10 are suf-
ficient to overcome the negative biasing of the
control grids of the rectifier tubes. Consequently,
when an impulse is impressed upon the control
grids of these tubes they are both conditioned for
conduction. In the assumed case, however, cur-
rent will flow only through the tube 3 because
of the polarity of its connection to the coil 6
wherein a voltage, which is positive, relative to
ground, is induced. As a result of the conduc-
tion of space current in the tube 3, the condenser
1 is charged in a representative polarity and to
a magnitude representative of the instantaneous
value of the standard frequency wave. In the
assumed case, the condenser will receive a maxi-
mum positive charge since the standard frequency
wave is at a positive peak.

If it is further assumed that the desired phase
relationship between the source of impulses and
the standard frequency source is one wherein the
impuilses occur at nodal points of the standard
frequency wave, it is seen that the described
phase relationship deviates 90° from the desired
one. Consequently, a maximum correcting volt-
age developed in the manner described across the
condenser T is impressed upon the automatic
frequency control apparatus 17 for applying a
maximum correcting voltage to the impulse
source {.

Should the occurrence of one of the impulses
coincide with a negative half cycle of the stand-
ard frequency wave, space current will be con-
ducted in the rectifier tube 4 whereby to oppo-
sitely charge the condenser 1. The magnitude of
the space current and consequently, the charge
imparted to the condenser, depends upon the in-
stantaneous magnitude of the standard frequency
wave. The automatic frequency control appa-
ratus {7 functions as before in response to the
charge accumulated by the condenser T to apply
a suitable correcting voltage to the impulse
source {. TIn this case, the correction applied
will be in a sense opposite to that described pre-
viously.

It may be seen from the foregoing description of
an illustrative embodiment of the invention that
there can be maintained a close relationship be-
tween the frequency of the impulses derived from
the source 1 and the frequency of the wave de-
rived from the standard frequency source 2. This
beneficial result is obtained by the novel use of
what, in effect, is a full wave electronic switch
connection cf the tubes 3 and 4 which is capable
of functioning on alternate half cycles of the
standard frequency wave. Also, an important
feature of the present invention is the facility
provided for simultaneously rendering the tubes
effective only during the.occurrence of one of the
series of impulses. In this manner the charge
on the condenser 7 is at all times representative
of the phase relationship between the impulse
source and the standard frequency source.

While there has been described what, at
present, is considered the preferred embodiment
of the inventicn, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and it, therefore, is aimed in the ap-

73 pended claims to cover all such changes and
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modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. Frequency control apparatus comprising, a
source of impulses, a source of a standard fre-
quency wave, a condenser, a pair of vacuum tubes
connected respectively in opposite polarity be-
tween said standard frequency wave source and
said condenser, means for separately biasing said
tubes so as to be normally non-conducting, means
including said source of impulses to periodically
condition both of said tubes simultaneously for
conduction of space current derived from said

for]
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standard frequency wave source to charge said -

condenser in polarity and magnitude dependent
upon the instantaneous polarity and magnitude
of said standard frequency wave, and automatic
frequency control apparatus coupled between said
condenser and said impulse source to control the
frequency of said impulses in accordance with the
charge of said condenser.

2. Frequency control apparatus comprising, a
source of impulses, a source of a standard fre-
quency wave, an energy storage condenser, a pair
of vacuum tubes connected respectively in op-
posite polarity between said standard frequency
wave source and said condenser, individual bias-
ing means coupled to said tubes so as to render
them normally non-conducting, means coupled to
said source of impulses to periodically condition
both of said tubes simultaneously for conduction
of space current derived from said standard fre-
quency wave source to charge said storage con-
denser in polarity and magnitude dependent upon

the instantaneous polarity and magnitude of said

standard frequency wave, and automatic fre-
quency control apparatus coupled between said
storage condenser and said impulse source to
control the frequency of said impulses in accord-
ance with the charge of said condenser.

3. Frequency control apparatus comprising, a
source of impulses, a source of a standard fre-
quency wave, an energy storage condenser, a pair
of vacuum tubes connected respectively in op-
posite polarity between said standard frequency
wave source and said condenser, individual
sources of biasing voltage coupled respectively to
said tubes to render them normally non-conduct-
ing, individual couplings between said tubes and

said source of impulses, whereby said impulses -

are effective to periodically condition both of said
tubes simultaneously for conduction of space cur-
rent derived from said standard frequency wave
source to charge said storage condenser in
polarity and magnitude dependent upon the in-
stantaneous polarity and magnitude of said
standard frequency wave, and aubtomatic fre-
quency control apparatus coupled between said
storage condenser and said impulse source to con-
trol the frequency of said impulses in accordance
with the charge of said condenser,
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4. Frequency control apparatus comprising, &
source of impulses, a source of a sinusoidal wave
of standard frequency, an energy storage con-
denser, a pair of grid-controlled vacuum tubes
coupled respectively in opposite polarity between
said sinusoidal wave source and said condenser,
two sources of unidirectional energy connected
respectively between the control grids and asso-
ciated cathodes of said tubes so as to render said
tubes normally non-conducting, couplings includ-
ing a pair of coils between the respective control
grids of said tubes and said source of impulses,
whereby said impulses are effective to periodically
condition both of said tubes simultaneously for
conduction of space current derived from said
sinusoidal wave source to charge said storage
condenser in polarity and magnitude dependent
upon the instantaneous polarity and magnitude
of said sinusoidal wave, and automatic frequency
control apparatus coupled between said storage
condenser and said impulse source to control the
frequency of said impulses in accordance with the
charge of said condenser.

5. Frequency control apparatus comprising, a

5 source of impulses of positive polarity, a source of

a sinusoidal wave of standard frequency, an
energy storage condenser, a pair of grid-con-
trolled vacuum tubes coupled respectively in op-
posite polarity between said sinusoidal wave
source and said condenser, two sources of uni-
directional energy of substantially equal voltage
having their negative terminals connected re-
spectively to the control grids of said tubes and
their positive terminals connected respectively to
the cathodes of said tubes, whereby to render said
tubes normally non-conducting, individual induc-
tive couplings between the respective control grids
of said tubes and said source of impulses, whereby
said impulses are effective to periodically condi-

» tion both of said tubes simultaneously for con-

duction of space current derived from said
sinusoidal wave source to charge said storage
condenser in polarity and magnitude dependent
upon the instantaneous polarity and magnitude of
said sinusoidal wave, and automatic frequency
control apparatus coupled between said storage
condenser and said impulse source to control the
frequency of said impulses in accordance with
the charge of said condenser.
JOHN A. BUCKBEE.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,250,284 Wendb e July 22, 1941
2,335,265 Dodington ..o Nov. 30, 1943
2,392,632 Berry e Jan. 8, 1946



	Page 1 - Drawings
	Page 2 - Bibliography/Abstract/Description
	Page 3 - Description
	Page 4 - Description/Claims

